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AHHOTauumsa: 1o ceoeli ¢husuyeckoli npupode ynbempassyk npedcmasndem coboli
yrnpyaue 80/1Hbl U 8 3MOM OH He omau4ademcsa om 38yKd. YacmommHas 2paHuya mexoy
38YKOBbIMU U Y/bMpa38yKOBbIMU B80/HAMU [03MOMY yC/A0B8HA; OHA ornpedendemcs
cybvekmusHbIMU ceolicmeamu 4Yesno8eyecKko20 C/yxa u coomeemcmeyem ycpeoHEHHOU
gepxHell epaHuue cnbiwumoz0o 38yKa. OOHaKo 6aaz200apa 6osee 8bICOKUM 4Yacmomam U,
cn1edosamesibHO, ManbiM OAUHAM B80AH umeem mMecmo psad ocobeHHocmel
pacnpocmpaHeHus. CosoKynHocme yrnziomHeHull u paspexceHull, conposoxcoarouw,as
pacrnpocmpaHeHue ynbmpassykosoli 80sHbl, npedcmassasem coboli ceoeobpaszHyro
pewémeky, OUPPAKYU €8EMOBbIX 80/H HA KOMOPOU MOXHO Habawdame 8 onmu4yecKu
npo3payHeix menax. Manasa 04UHA yabmpa3eyKoBbIX 80/H A879emcs 0CHo8ol 014 moeo,
umobbl paccmampueame UX pacnpocmpaHeHue 8 pAde cayv4aes  mMemooamu
2eomempu4veckoll aKycmuku.

KnounBue cnaBa: Yibmpaseyk, yrnpyaue 80sHbl, 3amyxaHue, MOAEeKyAApHasA
QKYCMUKQ, penakcayus, Yrna0mHeHUs , paspexceHull, ¢oKycuposKa 38YKd, CKOPOCMb,
yacmoma, HenuHelHoU aKycCmuku, Kasumayus, C8UCMKU U CUPEHbI, (hOHOH®I,
Keasu4yacmuupl.

AKTyanbHoOCTb: Mo pM3nYecKnii cylwHocTn Y3 He oTIMYaeTcAa OT 3BYKa U npeacTasaneT
cobon mexaHu4yeckyto BOAHY. lMpu eé pacnpocTpaHeHMn o0b6pasylTca vepeaytolimeca
YYACTKU CTryLWEHMA U pa3parKeHna YacTuy, cpeabl. CKOPOCTb pacnpocTpaHeHma Y3 1 3ByKa B
cpeaax oamMHakosbl (B Bo3ayxe -340 m/c, B Boge M MArKMX TKaHAX -1500m/c). OgHako
BbICOKAA MHTEHCUMBHOCTb M Manaa AauHA Y3-BONH MOPOXKAAT pAL C cneumpuyecKkmx
ocobeHHocTel. lMpu pacnpocTpaHeHMn Y3 B BelwecTBe NPOUCXOAUT HeobpaTUmbIn
nepexos 3HeprMm 3ByKOBOW BOJIHbI B ApYyrne BMAbl SHEPTUM, B OCHOBHOM B TEMNOTY. ITO
AB/NIEHNM HA3bIBAETCA NOTNOWEHMEM 3BYKA. YNbTPA3BYK- 3TO ynpyrue KonebaHma 1 BOaHbI
¢ Yyactotamu npmnbnmsntenbHo ot 20 KMy m go 1 My (109 'y, ). O6nactb yactoT ot 109 Ao
1012-13 Iy nNpuHATO Ha3biBaTb rMnep3ByKom. O6nACTb YacTOT Yy/bTPa3ByKa MOXKHO
noapasaenuTb Ha Tpu noaobaactu: YabTpassByk HU3KuMx YacToT (1,5*104—105) Ny, — YH\,
YnbTpasByk cpeaHux yactot (105 — 107 ) 'y, — YCH m obnacTb BbiCOKMX YacTtoT (107—109
) Ty, — Y3BY. Kaxkgas u3 atux nogobnacreit xapakTepmusyeTcs CBOMMU crneunduyeckmumm
0COBEHHOCTAMM reHepauuu, NpUEma, PacnpoCcTpPaHEHUss U NPUMEHEHMUA. YacToTHanA
rPaHMLA MeXKAy 3BYKOBbIMWU U YAbTPA3BYKOBbIMM BOJIHAMM MNO3TOMY YCNOBHA; OHA
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onpegensaeTca CybbEKTUBHbIMM CBOMCTBAMM 4YE/I0BEYECKOTO C/yXa M COOTBETCTBYET
YCPeAHEHHOW BepXHeW rpaHuue CAbIlWMMOro 3ByKa. Tak, ana Y3BY anunHbl BOAH B BO3AyXe
coctasnawT( 3,4*10-3-3,4*10-5 )cm, B Boge (1,5*10-2-1,5 *10-4) cm . YnbTpasByK B rasax
W, B YACTHOCTW, B BO34YXe pacnpocTpaHAeTcAa C 6onbwum 3aTyxaHnem. XuAKOCTU U
TBEpAble Tena (B OCOOEHHOCTM MOHOKPWUCTaNNbl) NPeacTaBAAlT COOOM, Kak npaswuio,
Xopoline NPOBOAHWKU YyNbTPa3BYKa, 3aTyXaHWe B KOTOPbIX 3HAYMTENbHO MeHblue. Tak,
Hanpumep, B BOAE 3aTyxaHMe VYAbTpPa3ByKa MNpPM  MPOYMX PaABHbIX  YCAOBUAX
npubansutenoHo B 1000 pa3 meHblle, Yem B Bo3ayxe. Mostomy 061acTM MCNONb30BaHMUSA
YCH 1 Y3BY OTHOCATCA NOYTM UCKNOUUTENIBHO K XUAKOCTAM U TBEPAbLIM TENAM, 2 B BO34yXe
M rasax NPMMeHAT ToNbko YHY. BBuAay manon anunHbl BOJIHbI yAbTPA3BYKa Ha XapaKrepe
€ro pacnpoCcTpPaHEHUA CKA3bIBAETCA MOJIEKYNAPHAA CTPYKTYpa Cpeabl, MO3TOMY, M3Mepan
CKOPOCTb yNbTPa3ByKa ¥ U KO3IPOULMEHT NOTNOWEHNS O, MOXKHO CYAUTb O MONEKYNAPHbIX
CBOMCTBAX BeLLeCTBA. IJTUMM BOMPOCAMW 3aHMMAETCA MOJIEKYNAPHAA  aKyCTMKa.
XapaKTepHaa OCOOEHHOCTb PacnpPOCTPaAHEeHUA YAbTPa3ByKa B rasax M MKUAKOCTAX —
CYLLECTBOBAHME OTYETNIMBO BbIPAXKEHHbIX 0ONAcTEN AMcnepcuun, CONPOBOXKAAMOLLENCS
pe3KMM BO3pacTaHMeMm ero norsoweHmsa. KoappnumeHT nornoweHms yabTpa3Byka B page
XUOKOCTEN CYLLECTBEHHO MPEBOCXOAUT PACCYMTAHHBIA MO KAACCMYECKOM TEOPUM U He
obHapyXuMBaeT npeacKasaHHOro 3TON Teopuen YyBeMYEeHMA, MPONOPLUUOHANBHOrO
KBagpaTy 4YacTtoTbl. Bce 3T adpdeKTbl HaxoaAaT 06bACHEHME B penakCauMOHHON Teopuu,
KOTOpasA OMNWUCbIBAaeT pPaAcnNpOCTPaHEHME YANbTpa3ByKa B 0ObIXx cpegax M ABAsAeTCS
TeopeTnyeckonm 6a3oli  COBPEMEHHOM  MOJIEKY/ISPHOM  aKYCTUKM, a OCHOBHOWM
3KCNEePUMEHTA/IbHbIN METOA, — U3MEPEHME 3aBUCUMOCTM CKOPOCTU PACNpPOCTPAHEHUA WU
0COHEHHO P(NNIOTHOCTb) OT YacTOTbl U OT BHELUHWX YCNOBUW (TEMMepaTypbl, AABNEHUS U
Ap.). CoBOKYyMHOCTb YMJIOTHEHWUI U Pa3peXKeHMN, CONPOBOXKAALWAA PACNPOCTPaHEeHMe
YNbTPa3BYKOBOW BOJIHbI, npeacTtaBnaer cobon cBoeobpasHylo pPeWeETKY, AudpaKkumio
CBETOBbIX BOJIH HA KOTOPOM MOXHO HabntogaTb B ONTUYECKU MPO3payvHbIX Tenax. Manas
A/IMHA YNbTPa3BYKOBbIX BOJIH ABASAETCA OCHOBOW AnA Toro, 4ytobbl paccmatpmsBaTb WX
pacnpocTpaHeHMe B psaae Cy4aeB METOAAMUN FeOMETPUYECKOM aKyCTUKU. DU3NMYECKM 3TO
NPUBOAMUT K NIy4EBOM KapTMHE pacnpocTpaHeHua. OTCoga BbITEKAOT TaKMe CBOMCTBA
Y/IbTPa3BYKa, KaK BO3MOXHOCTb r€OMETPUYECKOro OTPAXKEHUA U NPENOMNEHUA, a TaKkKe
$oKycnpoBKuM 3ByKa (puc. 1).

(puc.1)
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Cnepgytowan BarkHaA O0COOEHHOCTb YAbTpa3ByKa, — BO3MOMKHOCTb MNOJyYeHUA
601bLION MHTEHCUBHOCTM AaXKe NPU CPaBHUTENbHO HEbONbLWNX aMNAnTyaAax KonebaHun,
TaK Kak npu AaHHON amnauTyae NAOTHOCTb NOTOKA SHEPrMn NPonopLMOHaibHa KBagpaTy
4acToTbl. Y/NbTPa3ByKoBble BOJIHbl 60/bWOA WMHTEHCMBHOCTM COMPOBOMKAAIOTCA PAAOM
cneunduryecknx appeKToB KOTOpPble MOTYT ObiTb ONMUCaHbl NWb 3aKOHAMW HENMHEMHOWN
aKyCTMKM. TaK, pacnpoCTpPaHEHWUIO YNbTPA3BYKOBbIX BOJIH B rasax W B KUAKOCTAX
CONyTCTBYET ABUMKEHWE Cpefbl, KOTOPOEe HAa3bIBAlOT aKyCTUYECKMM TevyeHuem (puc. 2).
CKOpOCTb  aKYCTUYECKOro Te4yeHuA 3aBUCUT OT BA3KOCTU cpeabl, WHTEHCMBHOCTU
YNbTPa3BYyKa M €ro 4acToTbl; BOOOLLE rOBOPSA, OHA Ma/sia U COCTaBaAeT 40N % OT CKOPOCTH
YyNbTpa3ByKa.

(puc.2)

K unmcny BaKHbIX HENUMHENHbIX ABMEHWW, BO3HMKAKOWMX MPU PacnpoCTpaHEeHUn
WHTEHCUBHOTO Y/IbTPA3BYyKa B MUAKOCTAX, OTHOCUTCA aKyCTMYECKAA KaBUTALMA — pPOCT B
YNIbTPa3BYKOBOM MOAE MNy3blpbKOB W3 MMEOLWMXCA CYOMUKPOCKOMUYECKUX 3apogblllel
rasa uam nNapa B XMAKOCTAX A0 pa3mMepoB B A0/ MM, KOTOPbIe HAYNHAIOT Ny/IbCUPOBAThb C
4YaCTOTOM yNbTPa3ByKa M 3ax/J0MNbIBAOTCA B MNONOXUTeNbHOW ¢ase paasneHua. [lpwu
3ax/10NbIBaHUM My3bIPbKOB ra3a BO3HWMKAIOT 60/bluMe NOKanbHble AaBNeHMA MNopagKa
ToicAY aTmocdep, obpasytoTca chepuyeckne ygapHble BOAHbI. Bo3ne nynbcupyrolmx
ny3blpbKOB 06PA3YOTCA aKYCTUYECKUE MUKPOMOTOKU. ABNEHUS B KAaBUTALMOHHOM Mofe
NPUBOAAT K PAAY KaK NonesHbIX (Mosyd4eHne sMmy/IbCuM, OYMCTKA 3arpA3HEHHbIX geTanen u
Ap.), TaK U BpeaHbIX (3p0o3us nsnydyaTenemn ynbTpasByka) ABneHUIM. YacToTbl YAbTPa3BYKa,
NpM KOTOPbIX NCNOb3YEeTCA YbTPA3BYKOBAA KaBUTALMA B TEXHONOTMYECKUX LENAX, NexaT
B obnactm YHY. MHTEHCMBHOCTb, COOTBETCTBYHOLLLAA NMOPOTry KaBuTaLWMK, 3aBUCUT OT poaa
MOKOCTU, YaCTOTbl 3BYKA, TemnepaTypbl U Apyrnx . pakTopos. B Boae Ha yactoTe 20 Kly,
OHa cocTasnaeT okono 0,3 Bt/cm2. Ha yactoTax guana3oHa YCH B yabTpa3ByKOBOM MoJie C
MHTEHCUBHOCTbIO OT HECKOJIbKMX BT/CM2 MOXEeT BO3HUKHYTb GOHTaHMPOBAHME XKUAKOCTU
(puc. 3) 1 pacnbineHue eé c obpaszoBaHMEM BECbMa MENKOANCNEPCHOIO TYMaHa.
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(puc.3)
Buonornyeckoe pencteMe  ynbTpasByka: [pu  genctBum  ynbTpasByka Ha

buonormyeckme 06beKTbl B 006/ly4aeMbIX OpraHax WM TKAHAX Ha PACCTOAHMAX, PABHbIX
NOMIOBMHE A/UHbI BOJIHbI, MOTYT BO3HMKATb PAa3HOCTU AaB/NE€HMA OT eAUHUL, A0 OECATKOB
atmocoep. CTonb  WHTEHCUBHbIE  BO3AEWUCTBMA  MNPUBOAAT K  pa3HOObpasHbiM
b6uonormyeckum addektam, pMsanyeckaa Npupoaa KOTOPbIX ONpenenseTcd COBMECTHbIM
AENCTBMEM MEXaHUYECKUX, TEeNNOBbIX U PUIUKO-XMMUYECKUX SIBNEHUMN, COMYTCTBYHOLLMX
pacnpoCcTpaHeHUIO yNbTpa3ByKa B cpege. buonornyeckoe aencteme yabTpasByKa, TO €CTb
M3MEHEHWS, Bbl3blBAEMbIE B XM3HEAEATENbHOCTM U CTPYKTypax Buonormyeckmx o6veKkTos
npwu BO34ENCTBUM Ha HUX YNbTPA3BYKA, ONpeaenaeTca rnaBHbiM 06pa3som MHTEHCUBHOCTbIO
YNbTPa3BYyKa U AJNTENbHOCTbIO 06/1y4EHUA M MOXKET OKa3blBaTb KAk NONOXKUTENIbHOE, TaK U
oTpULATENbHOE BAMAHME Ha XKMU3HEAEeATe/NIbHOCTb OPraHM3MoOB. TaK, BO3HMKaAOWMe MNpu
CPaBHUTENbHO HebOoNbWWUX WHTeHcuBHOCTAX Y. (oo 1—2 ) BT/cm2 mexaHWyeckue
KonebaHuA YyacTuy, NPoM3BoAAT CBOeObpPa3HbIN MUKPO-MACCaXK TKaHeM, CnocobCTBYOLWMIA
nydqwemy obmeHy BewecTB M Jiydlemy CHabXeHUK0 TKaHel KpoBbld WM AUMOON.
MoBbiWeHNE WHTEHCMBHOCTM YAbTPA3BYK MOXET TMPUBECTM K BO3HMKHOBEHWUIO B
BMONOrMYecknx cpepax akyCTUYECKOM KaBUTALMKM, COMNPOBOXNKAAIOLWENCA MEXAHUYECKUM
pa3spyleHMeM KIETOK U TKaHeln (KaBUTALMOHHbIMW 3apoAbllliaMin CAYy»KaT Mmelowmecs B
B6MoNorMyecKkmMx cpepax rasoBble My3blpbKK). Mpy nornoweHun ynbTpasByka B
bnonornyecknx ob6BEKTAX MNpPOUCXOAUT nNpeobpasoBaHME aAKYCTUYECKOM 3SHeprum B
TennoByto. JIOKaNbHbIN HarpeB TKAHEM Ha 40NN U eAWHMUUBl TPAZyCOB, KaK MNpasBuno,
CcnocobCTBYET KU3HEAEATENBHOCTU BMONOrMYECKMX OOBEKTOB, MOBbIWASA WHTEHCMBHOCTb
npoueccoB obmeHa Bewects. OgHako 6onee UHTEHCMBHbIE U ANINTENIbHbIE BO34ENCTBUA
MOTYT MPUBECTU K Neperpesy BUONOTMUYECKUX CTPYKTYP U MX paspylleHuto (aeHaTypayus
6enkos n ap.). B ocHoBe Buonormyeckoro Aenctens Y. MOTyT NieXKaTb TaKKe BTOPUYHbIE
dn3nKo-xummyeckme adpoektol. TaK, npu 06pPa3oBaHMM aAKYCTUYECKUX MOTOKOB MOMKET
NPOMCXOAUTb MNepemMellMBaHME BHYTPUKNETOYHbIX CTPYKTYp. KaBuTauua npuBoanT K
pa3pbliBY MONEKYNAPHbIX CBA3EN B BLUoONoanmepax n Ap. *KU3HEHHO BaXKHbIX COeANHEHUSAX
M K pPasBUTUIO OKUCAUTENIbHO-BOCCTAHOBUTE/NIbHLIX pPeakuni. YNbTpa3ByK MNoOBblWaeT
NPOHMLAEMOCTb bBuonormyecknx membpaH, BCAeACTBME YEro MPOUCXOAMUT YCKOpPeHue
npoueccoB obmeHa BewecTs M3-3a audpoysmn. Bce nepeuncieHHble GakTopbl B peanbHbIX
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YCNOBUAX AENCTBYIOT Ha Buosiornyeckne o6bEKTbI B TOM UM MHOM COYETaHUU COBMECTHO,
M NO3TOMY TPYAHO, @ NoAYac HEBO3MOMKHO pa3AeslbHO UCCAenoBaTb NPOLECCHl, UMetoLme
pasAnyHyo GU3MYECKYIO Npupoay.
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